Introduction {#S0001}
============

Pancreatic cancer is one of the deadliest malignant tumors in the world.[@CIT0001],[@CIT0002] It is the 4th primary cause of malignant deaths, having a 5-year survival rate of 2% in America.[@CIT0003] Due to the nature of difficult initial diagnosis, strong migratory nature, and high resistance to current cancer therapies, the prognosis remains dismal, which has not changed, regardless of vital progress in medical therapy and surgical techniques during the past few decades.[@CIT0004],[@CIT0005] Thus, a better and more efficient treatment strategy of pancreatic cancer is urgently needed.

The dual-specificity phosphatases (DUSPs) are a set of protein phosphatases with heterogeneity, by which not only phosphotyrosine but also phosphoserine/phosphothreonine residues can be dephosphorylated within the one substrate, which modulates a diversity of cellular processes, like growth, signal transmission, etc. Moreover, DUSPs act critically during the process of cancer cell growth, as well as survival.[@CIT0006],[@CIT0007] To date, up to 43 DUSP genes have been listed in the GeneCards. DUSPs, depending on their sequence similarity, can be categorized into six subgroups, which contains slingshots, PRLs (phosphatases of regenerating liver), Cdc14 phosphatases (Cdc is cell division cycle), PTENs (phosphatase and tensin homologues deleted on chromosome 10), myotubularins, MKPs (mitogen-activated protein kinase phosphatases) and atypical DUSPs.[@CIT0008] Recently, one study[@CIT0009] reported that overexpression of DUSP28 caused a significant increase in the migratory and invasive activity of the pancreatic cancer cells. They also found that PDGF-A enhanced this DUSP28's effect on the pancreatic cancers. As a homologous gene of DUSP28's, DUSP14's role in the progress of pancreatic cancer is not clear. Thus, in the current study, we studied whether DUSP14 can regulate pancreatic cancer malignancy, as well as the latent mechanisms comprised. Furthermore, it is necessary to authenticate whether DUSP14 can play the role of a tumor marker in human pancreatic cancer.

For the past few decades, EMT is regarded as the transdifferentiation of the epithelial cells to the mesenchymal cells after the cells have been subjected to particular physiological and pathological conditions, which is a change accompanied by variations in cell morphology as well as in levels of expression of associated genes. Collective evidence indicates that EMT influences the rates of development and metastasis of pancreatic cancer. EMT refers to a mechanism, wherein tumor cells lose epithelial specialties and acquire a mesenchymal phenotype.[@CIT0010] It relates changes in the degrees of the mesenchymal protein expression, which strengthens migration, invasion, and metastatic ability of pancreatic cancer. Moreover, several important pathways act vitally in the mesenchymal protein expression. The downstream effect of these pathways is to stimulate the expression of the EMT transcription determinants, comprising Snail, Slug, Twist, and Zeb, which ultimately promote epithelial inhibition and the induction of the mesenchymal characteristics. The growing evidence has confirmed the truth that different kinds of small molecule inhibitors and phytochemicals are able to block the progression of EMT, reversing the mechanisms behind EMT, and thereby inducing the re-expression of the epithelial markers. The understanding of the association existing between EMT and pancreatic cancer is likely to make contributions to the establishment of new remedial targets for pancreatic cancer.

Materials and Methods {#S0002}
=====================

Clinical Tissue Specimens {#S0002-S2001}
-------------------------

In total, six pancreatic cancer samples, as well as the consistent adjacent tissues from patients who were diagnosed at the Anhui Provincial Hospital (Hefei, China), were collected. The samples and tissues were analyzed to examine the mRNA degrees of DUSP14. Elaborate pathological and clinical information (containing gender, age, tumor size, tumor position, vascular invasion, level of differentiation and TNM stage) from 84 patients between June 2013 and June 2016 were obtained from the medical records. Based on the 8th edition of the Union for International Cancer Control TNM structure, these specimens were involved in the current research. Those who had been treated with radiotherapy or chemotherapy methods before the operation were excluded. The samples were preserved in 4% formalin at the temperature of 37°C for 2 hrs. Apart from that, they were also embedded in paraffin to be analyzed in pathological aspects, and further to be used to confirm the diagnosis. The subsequent patients' clinical information was collected from the pancreatic cancer database of the Anhui Provincial Hospital. The ethics committee has endorsed this research to waive the informed consent of the patients.

Cell Lines and Culture {#S0002-S2002}
----------------------

Attained from the Cell Bank of the Chinese Academy of Sciences (Shanghai, People's Republic of China), the normal and pancreatic cancer cell lines, that is, HPDE6-C7, Capan-2, PANC-1, AsPC-1, BxPC-3, were used in this study. The cell culturing was conducted in the DMEM or RPMI 1640 media (BI, Haemek, Israel), using 10% fetal bovine serum and 100 U/mL penicillin-streptomycin solution (Gibco, North Andover, MA, USA) in an atmosphere which contained 5% CO~2~ at a temperature of 37°C.

Stable Transfection of the Pancreatic Cancer Cell {#S0002-S2003}
-------------------------------------------------

DUSP14 shRNA (short-hairpin RNA) and control sh-NC synthesized by Sigma Company (Shanghai, China) were used in the experiments. For the construction of the β-catenin vector, we cloned the β-catenin cDNA into the Flag-tagged-pcDNA3.1 (GenePharma, China). For the transfection of the DUSP14-shRNA, guided by the manufacturer's instructions, the controlled transfection of shNC and the β-catenin-vector in the PANC-1 and the BxPC-3 cell samples were carried out with Lipofectamine 2000 Transfection Reagent (Invitrogen, USA).

Quantitative Real-Time PCR (qRT-PCR) {#S0002-S2004}
------------------------------------

In accordance with the manufacturer's authentication protocols (Invitrogen, Carlsbad, CA, USA), the total RNA was separated from the cell samples applying the TRIzol reagent. The first sequence of cDNA was synthesized using cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA). RT-PCR and SYBR Green PCR Master Mix (Applied Biosystems) were used to detect the degrees of transcription of DUSP14. We used the following primer set for analysis of the levels of expression of DUSP14: forward primer 5′-GGACTCTTGAGGAAGAAGGAGAC-3′ and reverse primer 5′- GGAATAGAGAGGAGGTGATTTGAG −3′. For GAPDH the primer set was: forward 5′-AGGTCGGTGTGAACGGATTTG-3′ and reverse 5′-GGGGTCGTTGATGGCAACA-3′. Determination of the levels of interrelated levels of quantification expression was carried out in accordance with the 2−ΔΔCt methodology.

Western Blot Analysis {#S0002-S2005}
---------------------

Western blotting was adopted during the process to determine the degrees of protein expression. The antibodies included are DUSP14 (cat. no. ab134265, 1:800, Abcam, Cambridge, UK), E-cadherin (cat. no. SAB4503751, 1:500, Sigma-Aldrich, Chicago, IL, USA); Vimentin (cat. no. SAB1305433, 1:1000, Sigma-Aldrich, Chicago, IL, USA); Snail (cat. no. SAB4502825, 1:800, Sigma-Aldrich, Chicago, IL, USA); β-catenin (cat. no. SAB4500541, 1:800, Sigma-Aldrich, Chicago, IL, USA) and/or GAPDH (cat. no. 10494-1-AP, 1:5000, Proteintech Group, Chicago, IL, USA). Signals were detected in accordance with the standard methodologies for chemoluminescence.

Immunohistochemistry (IHC) {#S0002-S2006}
--------------------------

Immunohistochemical analyses were conducted with the standard streptavidin-biotin-peroxidase complex-based methodology following the manufacturer's guidelines (Boster Biological Technology, SA2010). Briefly, we incubated the tissue samples slides in a moist chamber overnight with the DUSP14 (cat. no. ab110938, 1:300, Abcam, Cambridge, UK) antibody at 4°C. We quantified the level of DUSP14 expression through determining the percentage which positive tumor cells comprised and the severity of the positive staining. We scored the severity of staining as follows: negative=0, bordering=1, weak=2, moderate=3, and strong=4. Additionally, we scored the level of staining in accordance with the percentage of positively stained tumor cells in the field: negative=0, 0--25%=1, 26--50%=2, 51--75%=3, and 76--100%=4. Also, we used the resultant multiplicative product of the severity score and percentage of positively stained cells to be the overall IHC score (value range: 0 to 16). Two independent pathologists observed and evaluated the staining process and results.

Colony Formation Assay {#S0002-S2007}
----------------------

Six-well plates were used to contain cells, which are at 1.0\*10^3^/well approximately, and cultured in DMEM/10% FBS medium at 37°C. After a two-week treatment, the cells were processed using 10% formaldehyde and stained by 0.1% crystal violet (Sigma, USA)., the observation and calculation of colonies formed were conducted through a microscope (Olympus, Tokyo, Japan).

Scratch Wound Assay {#S0002-S2008}
-------------------

Cell seeding was carried out in 24-well plates at a density of 80%. Following overnight culturing of the cells, a pipette tip was used to scrape an area in the middle of the bottom of the sample well. The floating cells were washed away from the mix with PBS. After 0 and 24 hrs subsequent to the wound assay, pictures were taken to monitor the wound-healing mechanism using a light-based microscope (Nikon, Japan).

Cell Migration Assay {#S0002-S2009}
--------------------

A transwell assay (8 µm pore size, Millipore, MA, USA) was used to investigate the impact of DUSP14 on rate and level of metastasis of cancer. Briefly, the cells were cultured in the upper culture chambers, which had matrix gel coating. The bottoms of the culture chambers were filled with DMEM/10% FBS by volume. Subsequent to an incubation period of 48 hrs, the level of staining of the invaded cells were determined with a 0.5% crystal violet stain and light-based microscope (Nikon, Japan).

Data Processing {#S0002-S2010}
---------------

Data processing of the collected information was conducted with the SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) software. Determination of the levels of variation and significance of differences for values among cohorts was determined using a paired 2-tailed Student's *t*-test. Values for P\<0.05, which was regarded as an essential process statistically.

Results {#S0003}
=======

Expression Degrees of DUSP14 in the Human Pancreatic Cancer Tissue and Cell Lines {#S0003-S2001}
---------------------------------------------------------------------------------

As is stated above, both pancreatic cancer samples and cell lines were verified to evaluate the expression of DUSP14 in pancreatic cancer. As is demonstrated in [Figure 1A](#F0001){ref-type="fig"}, DUSP14 mRNA and protein were more notably expressed in the pancreatic tumors, while the normal pancreatic samples showed less significance. Immunohistochemical staining for DUSP14 in pancreatic cancer also showed a likely tendency ([Figure 1B](#F0001){ref-type="fig"}). As is depicted in [Figure 1C](#F0001){ref-type="fig"}, compared with normal pancreatic ductal epithelial cell (HPDE6-C7), the protein and mRNA levels in four pancreatic cancer cell lines (Capan-2, PANC-1, AsPC-1 and BxPC-3) possessed a remarkable lager scale.Figure 1High expression of DUSP14 in PC tissues and cell lines. (**A**) The protein and mRNA levels of DUSP14 in adjacent normal and PC tissues. (**B**) Immunohistochemical staining for DUSP14 in pancreatic cancer (left panel) and adjacent normal tissue (right panel). (**C**) The protein and mRNA levels of DUSP14 in normal pancreatic ductal epithelial cell (HPDE6-C7) and four PC cells (Capan-2, PANC-1, AsPC-1 and BxPC-3). Data are presented as mean ± S.D. GAPDH serve as an internal reference. All experiments were performed three times. \*\*P \<0.01, \*\*\*P \<0.001, versus adjacent or HPDE6-C7 group.

High Levels of DUSP14 Expression Is Associated with the Pancreatic Cancer's Clinicopathological Parameters and Prognosis {#S0003-S2002}
------------------------------------------------------------------------------------------------------------------------

For the purpose of evaluating the biological significance of DUSP14 in pancreatic cancer, we analyzed the association combining the pancreatic cancer tissue DUSP14 degrees, as well as clinicopathological parameters, which is illustrated in [Table 1](#T0001){ref-type="table"}. The enhanced DUSP14 expression was related to T3 and T4 (P=0.030), N2 (P=0.004), and stage III and IV (P=0.037). The Kaplan-Meier survival analysis plotted compared the overall survival (OS) and disease-free survival (DFS) of the patients who had pancreatic cancer, according to their DUSP14 expression levels ([Figure 2A](#F0002){ref-type="fig"}). Patients with higher expression of DUSP14 had a poorer prognosis compared to those with lower DUSP14 expression (OS, P=0.005; DFS, P=0.004). Multivariate survival analysis further demonstrated the outcome that intra-tumoral DUSP14 expression (OS, P=0.041; DFS, P=0.025) degree was an independent poor prognostic biomarker for OS and DFS ([Tables 2](#T0002){ref-type="table"} and [3](#T0003){ref-type="table"}).Table 1Relationships Between DUSP14 Protein Expressions (Immunohistochemical Staining) in PDAC and Various Clinicopathological VariablesvariablesTotalDUSP14 ExpressionLow (n=37)High (n=47)χ2*P*Gender Male2911180.6720.412 Female552629Age (Years) ≤604120210.7280.394 \>60431726Size (cm) ≤47031390.0100.922 \>41468Tumor Location Head and Neck2911180.6720.412 Body and Tail552629Tumor T~1~-T~2~4123184.7190.030 T~3~-T~4~431429Node N~0~-N~1~4928218.1830.004 N~2~35926Differentiation Well/moderate4422221.3280.249 Poor and not401525TNM Stage I--II3721164.3340.037 III--IV471631 Table 2Univariate and Multivariate Analysis of the Correlation Between Clinicopathological Parameters and Overall Survival Time of Patients with PDACVariableUnivariate AnalysisMultivariate AnalysisHR95% CIPHR95% CIPGender0.9510.514--1.7600.874 Male FemaleAge (years)1.0090.569--1.7900.976 ≤60 \>60Size (cm)0.7250.323--1.6300.437 ≤4 \>4Tumor location1.3880.746--2.5850.301 Head and Neck Body and TailTumor2.3221.273--4.2360.006 T~1~-T~2~ T~3~-T~4~Node1.6240.901--2.9280.107 N~0~-N~1~ N~2~Differentiation2.7511.475--5.1300.0012.8111.479--5.3420.002 Well/moderate Poor and notTNM stage2.4551.292--4.6650.0062.8801.479--5.3420.002 I--II III--IVDUSP14 expression2.5921.337--5.0280.0052.0381.029--4.0380.041 Low High Table 3Univariate and Multivariate Analysis of the Correlation Between Clinicopathological Parameters and Disease-Free Survival Time of Patients with PDACVariableUnivariate AnalysisMultivariate AnalysisHR95% CIPHR95% CIPGender1.0970.600--2.0070.763 Male FemaleAge (years)0.9420.531--1.6710.838 ≤60 \>60Size (cm)0.7210.321--1.6200.428 ≤4 \>4Tumor location1.4720.789--2.7450.224 Head and Neck Body and TailTumor2.4561.336--4.5140.004 T~1~-T~2~ T~3~-T~4~Node1.5940.889--2.8600.118 N~0~-N~1~ N~2~Differentiation2.7471.487--5.0750.0012.7911.491--5.2260.001 Well/moderate Poor and notTNM stage2.0931.125--3.8950.0202.2921.199--4.3800.012 I--II III--IVDUSP14 expression2.6771.378--5.2010.0042.1681.104--4.2580.025 Low High Figure 2Kaplan--Meier analysis of overall survival (OS) and disease-free survival (DFS) of PC patients according to intra-tumoral DUSP14 expression. (**A**) Representative images and bar graphs of colony formation assays for PANC-1 and BxPC-3 cells transfected with sh-NC or sh-DUSP14 at 0 and 14 d post-transfection. (**B**) All experiments were performed three times. Data are presented as mean ± S.D. \*\*\*P\<0.001.

Establishment of DUSP14 Silencing the Pancreatic Cancer Cell {#S0003-S2003}
------------------------------------------------------------

In order to investigate the potential role of DUSP14 in the malignant pancreatic cancer, we specifically reduced the expression of DUSP14 in the pancreatic cancer cell lines PANC-1 and BxPC-3 with the use of shRNA interference. ShRNA and negative control were constructed by GenePharma (Shanghai, China). Transfection was performed using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions.

Impact of DUSP14's Downregulation in the Pancreatic Cancer Cells {#S0003-S2004}
----------------------------------------------------------------

The following step was to study whether the decrease of DUSP14 expression by shRNA transfection caused the bluntness of the activity of pancreatic cancer's proliferation, migration, and invasion rates. As expected, the colony formation assay revealed that the downregulation of DUSP14 considerably suppressed the cellular proliferation of not only the PANC-1 but also the BxPC-3 cells ([Figure 2B](#F0002){ref-type="fig"}). Moreover, the wound-healing assay, together with the transwell assay, showed the fact that inhibition of the DUSP14 expression markedly weakened the activity of the migration and invasion of both the Panc-1 and BxPC-3 ([Figures 3](#F0003){ref-type="fig"} and [4](#F0004){ref-type="fig"}).Figure 3Representative images and bar graphs of wound-healing assays for PANC-1 cells (**A**) and BxPC-3 cells (**B**) transfected with sh-NC or sh-DUSP14 at 0 and 24 h. All experiments were performed three times. Data are presented as mean ± S.D. \*\*P\<0.01, \*\*\*P \<0.001.Figure 4Representative images and bar graphs of transwell assays depicting the migration and invasion ability of PANC-1 cells (**A**) and BxPC-3 cells (**B**) after sh-NC or sh-DUSP14 transfection. Data are presented as mean ± S.D. \*P\<0.05.

DUSP14 Improved the EMT in the Pancreatic Cancer Cell {#S0003-S2005}
-----------------------------------------------------

Increasingly accumulating evidence has indicated that the migration and invasive abilities of the pancreatic cancer cells are regulated by the epithelial--mesenchymal transition (EMT) process.[@CIT0011] In order to investigate whether or not DUSP14 is associated with EMT, we studied the levels of the epithelial (E-cadherin) expression, as well as the mesenchymal markers (Vimentin, Snail) in the PANC-1 and BxPC-3 pancreatic cancer cell lines transfected with sh-DUSP14. Western blotting and qRT-PCR analyses showed an increase in the levels of expression of the epithelial markers (E-cadherin) in the cell lines that were transfected with sh-DUSP14. Comparatively, a noticeable decline appeared in the levels of expression of the mesenchymal markers (Vimentin, Snail) in both the sh-DUSP14 transfected cell lines ([Figure 5](#F0005){ref-type="fig"}). In summary, the results can be hypothesized that DUSP14 is a novel marker that can be used to improve the development of EMT in pancreatic cancer cells.Figure 5Relative mRNA levels of epithelial and mesenchymal related markers in PANC-1 (**A**) and BxPC-3 cells (**B**). Representative Western blot gel documents and summarized data showing the protein levels of epithelial and mesenchymal markers in PANC-1 (**C**) and BxPC-3 cells (**D**). \*\*P\<0.01, \*\*\*P\<0.001 versus sh-NC group.

Discussion {#S0004}
==========

Absence of specific symptoms usually delays diagnosis, which is worsened by the lack of reliable methods approaching to initial diagnosis. As a consequence, most patients are diagnosed at an advanced stage of the disease, making fraction of patients eligible for resection. Also, pancreatic cancer is not sensitive to current treatments. According to the previous report, the non-responsiveness may derive from the resistance internally or externally to chemotherapies through different genetic and cellular mechanisms,[@CIT0012],[@CIT0013] epithelial--mesenchymal transformation,[@CIT0014],[@CIT0015] hypoxia,[@CIT0016],[@CIT0017] as well as pancreatic cancer stem cells.[@CIT0018],[@CIT0019]

The dual-specificity phosphatases (DUSPs) are protein phosphatase which regulates the activities of mitogen-activated protein kinases (MAPKs), which mediates various physiological activities of the cell, such as growth, signal transmission, etc. Typically, MAPK cascades are triple kinase pathways in which a MAPK kinase activates a MAPK kinase which in turn activates a terminal MAPK (ERK1/2, P38, JNK1/2) via serial phosphorylation to allow for signal amplification, modulation, and specificity.[@CIT0020] DUSPs act pivotally in the pathological process of multiple diseases, as well as in some kinds of cancers. Additionally, some atypical DUSPs are noted to affect potential regulatory on the growth and apoptosis of the cell.[@CIT0021],[@CIT0022] Moreover, several reports have shown that some atypical DUSPs are becoming relevant targets as anti-cancer therapies. Scientists are dedicated to the development of specific and effective DUSP enzyme inhibitors as cancer-targeted drugs.[@CIT0023],[@CIT0024] However, there are difficulties in the comprehension of the system of ERK1/2 initiation, as well as the specific characteristic of DUSPs, which is the moderator of dephosphorylation in the MAPK semaphoring pathway. A small group of atypical DUSPs is noted in a variety of cancer phenotypes, like apoptosis, proliferation, cell cycle, as well as chemoresistance.[@CIT0025],[@CIT0026] As is illustrated in another research, the increased DUSP12 induced cellular migration and defensive action against apoptosis via the up-regulation of both oncogenes validated, which are integrin alpha 1 and the hepatocyte growth element receptor, c-met.[@CIT0027] According to previous report, DUSP26 is a phosphatase that represses the p53 tumor and inhibits p53 action.[@CIT0022] Also, DUSP26 suppresses the p53 pro-apoptosis effect in the neural tumor during the treatment of Adriamycin.[@CIT0028] A recent study showed that the blockade of DUSP28 decreases chemoresistance and migration in human pancreatic cancer cells.[@CIT0029]

DUSP14, a member of the atypical DUSPs subgroup, initially was cloned as a novel CD28 cytoplasmic tail interacting protein.[@CIT0030] Although DUSP14 does not contain the kinase interaction sequence constituted by alkaline amino acids, it can still play the same role as other MAKP phosphatases, dephosphorylating extracellular signal-regulated kinases (ERKs), c-Jun N-terminal kinases (JNKs), and P38 kinases.[@CIT0030],[@CIT0031] Data presented in this study suggest that DUSP14 is implicated in the phenotype of pancreatic cancer. First, we verified that DUSP14 is highly expressed in both pancreatic cancer samples and cell lines. And then, the relevance between DUSP14 and pancreatic cancer was illustrated. Data show that high level of DUSP14 expression correlates to advanced T classification (T3 and T4), more lymph node migration (N2) and later tumor stage (III and IV). By using shRNA, we downregulated DUSP14 expression in PANC-1 and BxPC-3. As a consequence, we observed that the abilities of cell proliferation, migration, and invasion are considerably suppressed, proving that high level of DUSP14 affects pancreatic cancer's clinicopathological parameters and prognosis. Meanwhile, blocking DUSP14 increase the expression level of epithelial biomarker (E-cadherin), reducing that of mesenchymal markers (Vimentin, Snail) in both cell lines. This indicates the effect of DUSP14 may work via EMT. However, we need further study to reveal the potential mechanism in it.

Conclusion {#S0005}
==========

Through this report, we aim to illustrate that pancreatic cancers reflect a considerably higher level of expression of DUSP14 compared to the normal pancreatic samples. Moreover, it is validated in this report that human pancreatic cancer cell lines do notably contain various degrees of DUSP14 mRNA and protein. There is a prominent positive pertinence between DUSP14 expression and human pancreatic cancer biological behaviors, according to our study. The inhibition of DUSP14 made the human pancreatic cells to become less active in migration, invasion, and proliferation. The outcomes above suggest that DUSP14 may act as a "messenger" molecule in cancer through regulating signal transduction in the human pancreatic cancers. In general, the outcomes show that DUSP14 has a particular mission in biological behaviors in human pancreatic cancer cells, which indicated that DUSP14 may be a crucial molecule to adjust phenotypes in pancreatic cancers. Nevertheless, it is necessary for more analysis to be conducted to reflect the specific conditions and mechanisms involved in the process.

In the present research work, we also investigated whether DUSP14 promoted pancreatic cancer's malignancy via EMT. Downregulation of the DUSP14's expression led to a reduction in the metastasis and invasion of pancreatic cancer. DUSP14 interference improved the expression of E-cadherin when limiting the expression of Vimentin and Snail. Collectively, the outcomes stated above indicate that DUSP14 is a likely EMT-inducer and an excellent prospective target for treatment, targeting cancer's metastasis in pancreatic cancer.
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